Background: Studies from several countries indicate that the incidence and mortality of bloodstream infection (BSI) have been increasing over time. Methods: We studied the burden of disease and death related to BSI in a defined geographical area of Mid-Norway, where BSI episodes were prospectively recorded by the same microbiological department during 12 consecutive years. Death from BSI was defined as death within 30 days of BSI detection. Age and sex standardized incidence and mortality rates and case fatality rates were calculated.
Background
Bloodstream infection (BSI) contributes substantially to morbidity and mortality worldwide [1] . The annual incidence has been reported between 80 and 257 per 100,000 person-years [2] [3] [4] [5] [6] [7] [8] [9] . In Europe, the annual number of BSI episodes and deaths associated with BSI has been estimated at 1.2 million and 157,000, respectively. The corresponding numbers of hospital-acquired BSIs were found to be 240,000 episodes and 29,000 deaths [1] . Most studies report increasing incidence rates [5, 6, 8] , but a decreasing rate has also been described [10] .
The burden of BSI includes mortality as well as incidence, but few studies have reported both [1, 3, 6] . Monitoring the burden of BSI is important for reasons of resource allocation and for evaluating prevention and treatment strategies [11] . As the proportion of elderly people, more prone to infections, is increasing [12, 13] , knowledge about their burden of severe infections is of particular importance. Growing antimicrobial resistance worldwide, associated with increased mortality [14, 15] , make surveillance of BSI microbes and antimicrobial resistance essential. As different prevention and treatment strategies are needed (vaccination programs, antibiotic regimens, and infection control measures), it is necessary to separately survey community acquired, health careassociated, and hospital acquired BSIs [16, 17] . We conducted a prospective study within an area of Mid-Norway to assess the BSI incidence and mortality, with emphasis on age and sex differences and time trends.
Methods
As part of the Mid-Norway Sepsis Study we prospectively recorded episodes of BSI in patients aged 16 years or older admitted to Levanger Hospital between January 1, 2002 and December 31, 2013. This BSI cohort or parts of it have previously been used in studies on other aspects of BSI [18] [19] [20] , and two studies, describing BSIs with Staphylococcus aureus 1995-2011 [21] and Streptococcus pneumoniae 1993-2011 [22] , have included the respective bacterial species from the current cohort. Levanger Hospital is one of two hospitals in Nord-Trøndelag County. The hospital is an emergency hospital serving the population in a defined geographical area of 10 municipalities, with 68,491 inhabitants aged 16 years and above at the start of the study, and 75,858 at the end of the study. Population data of the ten municipalities around Levanger Hospital for every year between 2002 and 2013, with age and sex distribution, was obtained from Statistics Norway.
The microbiology laboratory at Levanger Hospital exclusively provided all microbiology services in Nord-Trøndelag County. Patients hospitalized with BSI were identified and prospectively registered at the microbiology laboratory. For each BSI, a registration form was completed by the responsible physician. The main investigator, two subordinate doctors and three research nurses reviewed the patients' records to verify the data and record additional variables. Blood cultures were performed in BACTEC 9240 Vacutainer Culture Bottles (Becton Dickinson Diagnostic Instrument Systems, Sparks, MD) [23] , which in 2010 was replaced by BACTEC FX. The volume of blood drawn was the same during the study period. A blood culture set consisted of one aerobic and one anaerobic BACTEC bottle obtained from a single draw. If a second draw was taken simultaneously from another site, one aerobic bottle was used. Isolates were identified using standard methods [24] . Antimicrobial susceptibility testing was performed by the disc diffusion method (Neo-Sensitabs, Rosco Diagnostica, Taastrup, Denmark). The microbiology laboratory at Levanger Hospital is ISO 15189 accredited.
An episode of BSI was defined by growth of one or more microbes from blood culture combined with clinical evidence of systemic infection [25] . A new BSI episode with the same microbe in the same patient was recorded if an interval of at least 30 days had passed without signs of infection since an earlier episode [26] . If more than one organism was isolated from one or more blood cultures within a 72-h period, the BSI episode was classified as polymicrobial. One positive blood culture for organisms regarded as etiological agents was the requirement for inclusion. For coagulase-negative staphylococci, alphahemolytic streptococci, or other possible skin contaminants, at least two identical isolates from separate venipunctures were required.
The BSI episodes were classified as hospital-acquired (HA), health care-associated (HCA) or community acquired (CA) [16, 17] . HA-BSI was diagnosed if the infection was detected >48 h after admission [27] . Patients who during the 30 days prior to hospital admission had (1) been hospitalized two or more days or (2) had received intravenous therapy or wound care at home or (3) hemodialysis or chemotherapy at hospital visits or (4) were nursing home residents, were categorized as having HCA-BSI. CA-BSI was diagnosed if the infection was detected <48 h after admission and none of the criteria for HCA-BSI were fulfilled.
We defined death from BSI as death within 30 days of BSI detection. The patient administrative system at the hospital receives updated information on vital status from the national population register, and thus, information on A urinary focus was assigned when the same microbe was isolated from urine and as well as from blood culture along with clinical signs/symptoms or risk factors for urinary infection, and no other source of infection was identified. A presumed pulmonary focus was diagnosed with clinical signs of lower respiratory infection accompanied by positive radiologic findings. Focus in the biliary tract was ascertained based on clinical, biochemical and radiological findings. Signs of infection along with focal growth of the same microbe as in blood culture were taken as a confirmation of infection in abdomen, skin, soft tissue or other sites. An unknown focus of infection was assigned when none of the criteria for ascertaining a focus were met.
Statistical analyses
BSI included both first-time and repeat episodes [6, 7] . The mortality rate was calculated as the total number of deaths within 30 days of a diagnosis of BSI per 100,000 person-years. Incidence and mortality rates were calculated for the population between 16 and 99 years. Population data during 2002-13 (Statistics Norway), were used as denominators to calculate age-specific and sex-specific rates of BSI episodes and BSI related deaths. The incidence rate of HA-BSI was also reported as the number of patients with HA-BSI in a time period divided by the number of hospital bed-days in that same time period. Observed incidence and mortality rates were standardized to the age and sex distribution of the population of calculated based on assumed Poisson distribution. Poisson regression was used to assess time trends in BSI incidence and mortality rates (average rate ratio per calendar year), adjusted for age (in 5-year intervals) and stratified by sex. The case fatality rate was defined as the total number of deaths within 30 days of diagnosed BSI episodes divided by the total number of BSI episodes. Confidence intervals were calculated using Wilson's approximation to the binominal distribution [28] . Case fatality rates for two time periods were compared using chi-square test. Two-sided p-values <0.05 were considered significant and 95% confidence intervals (CI) have been reported where relevant. The analyses were performed using SPSS 22, Stata 13, and StatXact 9.
Results
During the 12-year study period, a total of 1995 episodes of BSI occurred, 1034 in males and 961 in females, among 1719 individuals.
Incidence rates allover and by sex and age
The overall incidence rate of BSI (first-time and repeat episodes) was 215 per 100,000 person-years (Table 1) , and the rate was higher in males than in females (222 vs.
209 per 100,000 person-years). Age-specific BSI rates were substantially higher in males than in females, particularly in older age groups (Figs. 1, 2 and 3; Additional file 1: Table S1 ). Whereas the incidence was similar for males and females 16-64 years (82 vs. 83 per 100,000 person-years), males had substantially higher incidence than females in the age group ≥80 years (1826 vs. 1126 per 100,000 person-years).
Place of acquisition
The rates of CA-, HCA-, and HA-BSI were 102, 85, and 30 per 100,000 person-years, respectively (Table 1) . HCA-and HA-BSIs constituted larger parts of the BSIs in men than in women, and HCA-and HA-BSI predominated among men in the oldest age groups (Fig. 1) . The total rate of HA-BSI was 38 per 100,000 hospital beddays (Additional file 1: Table S2 ).
Site of infection
The urinary tract was the predominant site of infection (no. of episodes per 100,000 person-years: 81 overall, 94 in females and 68 in males) (Table 1) , followed by the lungs and the biliary tract. Rates of BSI from the urinary tract, lungs, and biliary tract were higher in old age, particularly in males (Fig. 2) .
Microbes
Gram-negative BSI was more common in females than in males (135 vs. 110 per 100,000 person-years) ( Table 1) , whereas Gram-positive BSI most often occurred in males (101 vs. 68 per 100,000 person-years). Escherichia coli was the most commonly isolated BSI microbe from all three places of acquisition and predominated in females (93 vs. 56 per 100,000 person-years) ( Table 1 ). The second most common microbe was Streptococcus pneumoniae (25 episodes per 100,000 person-years), which was evenly distributed between the sexes and mainly occurred in CA-BSI. Staphylococcus aureus, close to S. pneumoniae in total rate (24 per 100,000 personyears), was mostly represented in HCA-BSI and was significantly more frequent in males than in females (31 vs. 16 episodes per 100,000 person-years).
Time trends in incidence
The observed incidence rate of BSI increased from 190 per 100,000 person-years in 2002 to 257 in 2013 (with a peak at 278 in 2011) ( Fig. 4 ; Additional file 1: Table S3 ). Standardized incidence rates for two time periods, 2002-2007 and 2008-2013 , are shown in Table 2 , and ageadjusted time trends in BSI rate by sex are shown in Table 3 . Overall, the incidence rate increased from 205 to 223 per 100,000 person-years from 2002-07 to 2008-13. The incidence rate increased on average by 2.8% annually in females but not significantly in males. HCA-BSIs increased from 72 to 96 per 100,000 person-years from 2002-07 to 2008-13. The HA-BSI rate, calculated as episodes per 100,000 hospital bed-days, increased from 36 to 40 (Additional file 1: Table S4 ). BSIs from the urinary tract increased from 70 to 90 per 100,000 person-years. Gram-negative BSI increased from 111 to 131 per 100,000 person-years, most evident for E. coli (68 to 79 per 100,000 person-years) and Klebsiella spp. (10 to 18 per 100,000 person-years). Polymicrobial or fungal BSI increased from 8 to 10 per 100,000 personyears, whereas Streptococcus pneumoniae BSI decreased from 29 to 21 per 100,000 person years. The rate of Pseudomonas aeruginosa BSI was fairly stable (6.7 to 5.8 per 100,000 person-years), while the rate of candida BSI increased slightly over time (1.4 to 2.3 in the first and second period, respectively) (Additional file 1: Table S5 ).
BSI microbes with acquired drug resistance
The rate of BSI microbes with acquired drug resistance (ADR) was very low but it increased slightly over time in our population (Additional file 1: Table S5 ). In the first and second time period, the total rates of ADR microbes were 0.6 and 2.0 per 100,000 person-years. Methicillinresistant S. aureus (MRSA) contributed 0 and 0.2 per 100,000 person-years, penicillin-non-susceptible pneumococci (PNSP) 0 and 0.4 per 100,000 person-years, and Enterobacteriaceae producing extended spectrum betalactamase (ESBL-E) 0.6 and 1.4 per 100,000 person-years in the first and second time period, respectively.
BSI mortality
Death within 30 days occurred in 299 of the BSI episodes, 172 in males and 127 in females. The overall mortality rate of BSI was 32 per 100,000 person-years (Table 4 ). The mortality rate was higher in males than in females (36 vs. 28 per 100,000 person-years) and increased more with age in males than in females ( Fig. 5 ; Additional file 1: Table  S6 ). The mortality rate was 35 and 29 per 100,000 personyears in 2002-07 and 2008-13, respectively (Table 5) , but no significant age-adjusted annual change was observed (Table 6 ). Among subgroups of BSI, the mortality rate of HCA-BSI increased in females (7.4% annually), and the mortality rate of BSI from the urinary tract increased in males (11.4% annually). The mortality rate of BSI from pulmonary infection decreased from 10.4 to 5.7 per 100,000 person-years (annually by 9.0% in males). For Streptococcus pneumoniae BSI, the mortality rate decreased from 4.8 to 1.9 per 100,000 person-years, with an average annual decrease of 15.0% in males. 
Time trends in case fatality
Allover, the case fatality rate decreased from 17.2% to 13.1% (p = 0.014) between 2002-07 and 2008-13, with similar decreases across the three places of acquisition. Among the specific infection foci, the case fatality rate of BSI from pulmonary infection decreased from 28% to 17% (p = 0.026) (Additional file 1: Table S8 ).
Time trends in blood culture sampling rate
The rate of blood culture sampling increased more than twofold from 2002 to 2013 (2189 to 4605 blood culture sets per 100,000 person-years), and the rate of BSI episodes per 100 blood culture sets decreased from 8.7 in 2002 to 5.6 in 2013 (Additional file 1: Table S3 ). In the first (2002-07) and second (2008-13) halves of the study period, the average rates of blood culture sampling were 3062 and 3977 sets per 100,000 person-years, and the average rates of BSI episodes per 100 blood culture sets were 7.2 and 6.1, respectively (Additional file 1: Table S9 ).
Discussion
The present study provides information on the incidence and mortality of BSI in an area of Mid-Norway, overall, by age and sex, by time period, and for specific subgroups of BSI. The burden of BSI, in terms of both incidence and mortality, increased strongly with age, particularly in males. The incidence increased during the 12-year study period, and the increase was strongest in females, for HCA-BSI, and for urinary tract and Gram-negative BSIs. Over the same period, the mortality remained stable and case fatality rate decreased, possibly because an increased rate of blood culture sampling may have led to improved detection of milder BSI episodes. A shift towards higher proportions of female sex, Gram-negative etiology, and urinary tract site may also have influenced the case fatality rate to some degree. In addition, earlier detection of sepsis and improved treatment may have had impact. Very low, yet slightly increasing rates of microbes with acquired resistance were observed. To our knowledge, this is the first study estimating the overall burden of BSI in a Norwegian population. Incidence rates of invasive infections with single microbes have been reported [29] [30] [31] [32] [33] , but no population-based study has focused on BSI as a whole. One previous study described the epidemiology of sepsis in Norway in 1999 [34] , and two studies published more than 20 years ago [26, 35] described BSI incidence and mortality related to hospital admissions and bed-days, but did not include population statistics. Strengths of the present study include the prospective registration of BSIs within a welldefined source population. All patients with a BSI acquired outside hospital (CA-and HCA-BSI) in our geographical area were admitted to Levanger Hospital, and the blood cultures were handled at one microbiology laboratory. Some inhabitants in this area will likely have had BSI during stays at St Olav's Hospital, the closest university hospital, so that the true rate of HA-BSI in our area is slightly higher than is reported in this article. We did not exclude the very small number of episodes that occurred in persons who were visitors to the area, as a similar number of BSIs is likely to have occurred among inhabitants of our area being on travel elsewhere. Standardization for the age and sex distribution is representative for Norway 2010. Use of international population standards could have eased comparison between studies [36, 37] , but most studies in this field have used regional or national population standards [4, 8, 10] .
The comparison of incidence and mortality rates of BSI between studies is challenging because of differences in the age groups included and in age-and sex distribution of populations [37] , differences in the classification of place of acquisition [8, 16, 17, 38] , and differences in the definition of incident episodes: first-time vs. total number of BSIs, and different time periods since last BSI required to define a new episode (after 30 days [26] , 3 months [6] , first episode in another calendar year [36, 37] , first episode during the study period [4, 8, 10] ). BSI can affect the same individual several times, and the episodes are most often independent of each other. To inform about the total burden of BSI, we chose to estimate the total rate of BSI rather than the first-time episodes only [11] . Compared with our results, incidence rates (166-189 per 100,000 person-years) [6] [7] [8] and mortality rates (22 per 100,000 person-years) [6] of BSI are somewhat lower in other studies that also included all BSI episodes. This difference is expected, as these studies also included children, who are generally at low risk of BSI.
An increase in BSI incidence over time have also been reported in Finland (from 147 to 168 per 100,000 person-years from 2004 to 2007) [6] and in Northern Denmark (from 120 to 201 per 100,000 person-years from 1992 to 2006) [8] , although a study from Funen, Denmark, [10] of first-time BSI among people ≥16 years of age reported a decrease in BSI incidence from 254 to 199 per 100,000 person-years through 2000 to 2008. Similar to our findings, the increase in BSI incidence was accompanied by a decreasing case fatality rate in Denmark (22.7% to 20.6%) [8] , but not in Finland (12.6% to 13.2%) [6] . At the same time, we observed a relatively stable mortality rate of BSI, as has also been reported in Finland [6] . The combination of increased incidence, reduced case fatality, and stable mortality may be explained by improvements in the detection of milder, less fatal BSI episodes. In support of that explanation, we and others (5, 10) have observed increasing rates of blood culture sampling over time, and the number of BSI episodes per 100 blood culture sets decreased with time in our study as was found in Funen, Denmark [10] , though not in Northern Denmark or in Finland [5, 8] . Alternatively, the true mortality rate of BSI may have decreased, but the higher detection rate of BSIs may have led to more deaths being attributed to BSI, thus masking a true decline in mortality. In 2007, we updated our local recommendations on sepsis diagnosis and treatment, based on the guidelines of the international Surviving Sepsis Campaign [39] , and we performed regular teaching sessions about sepsis for physicians and nurses and implemented standardized observation of patients with suspected sepsis at the wards. Earlier detection and treatment may have improved survival of BSI towards the end of the study period. An in-depth discussion of case fatality rate in the present BSI cohort is given elsewhere [18] [19] [20] [21] [22] .
The high incidence and mortality of BSI in the older ages in our study, particularly in men, corresponds to what has also been reported by others [4, 6, 40, 41] . While the absolute number of BSIs decreased beyond 85 years, the population beyond this age is progressively smaller and the incidence continued to increase. As the proportion of older people will rise in our part of the world in the decades to come [12, 13] , the challenges associated with BSI will escalate.
Compared to our results, HA-BSI accounted for a higher proportion of BSIs (15-58%) in most recent publications, whereas CA-BSI accounted for a lower proportion (18-44%) [1, 42] . An increasing rate of HCA-BSI with time, similar to our results, was also recently reported from Denmark [8] , whereas another Danish study found no change with time in HCA-BSI, though reported decreasing incidence rates for both CA-BSI and HA-BSI [10] . In the present study as well as in a Finnish study [6] , Gram-negative BSI was most frequent in females whereas Gram-positive BSI predominated in males. During the study period, Gram-negative BSIs increased whereas Gram-positive BSIs decreased. Similar trends were found in Australia [43] . In Finland, however, both Gram-positive and Gram-negative BSIs increased Table S7 during 2004-2007 [6] . In most other BSI studies as well as in the present study, [4, 8, 11, 38, 44] E. coli, S. pneumoniae, and S. aureus were the three most commonly occurring BSI microbes, accounting for more than onehalf of all BSI episodes. The incidence rate of E. coli was higher in our study than in other studies (43 per 100,000 person-years reported both from Finland [6] and England [7] ), which, however, also included children. One Danish study [10] found a decreasing incidence rate of E. coli (70 to 57 per 100,000 person-years). However, another Danish study [8] reported an increasing rate of E. coli and reported increased rates of BSI from the urinary tract, similar to the pattern observed by us. A decreasing occurrence [11, [45] [46] [47] [48] and mortality [47] of S. pneumoniae is reported in Norway and other countries after the introduction of pneumococcal conjugate vaccines. In Norway, the vaccine was implemented in the immunization program for children in 2006. However, a reduced occurrence of invasive pneumococcal infection is seen also among adults and even among elderly people, due to a herd effect [11, 47] . Furthermore, pneumococcal vaccine is recommended for people >65 years and for those who have undergone an invasive pneumococcal infection. Noteworthy, the decreased rate of S. pneumoniae BSI in our study was observed in males but not in females. A possible explanation of this sex difference may be differences in smoking habits, which is a risk factor for invasive pneumococcal disease [49] . The peak prevalence of smoking in Norwegian males occurred 20 years earlier than in females, whose peak prevalence cohort is now in the age group 65-79 years [50] .
The incidence of S. aureus BSI in our study was similar to a recent study from an area of South-East Norway (27.6 per 100,000 person-years) [32] . The present study as well as others [6, 32] found a higher rate of S. aureus BSI in males than in females. The large proportion of HCA infections among the S. aureus BSIs was also described in a previous report from our catchment area [21] . Klebsiella spp. showed a higher and more increasing (10 to 18 per 100,000 person-years) incidence rate in our study than was found in a Canadian study (7 per 100,000 during 2000-2007) [51] . A nationwide study of invasive Pseudomonas aeruginosa infection in Norway 1999-2002 found an incidence rate of 3.2 per 100,000 person-years [31] , which was lower than was found in the present study. The incidence rate of [36] , and much lower than what was found in Canada and Australia 2005-08 (7.4 and 4.9 per 100,000 person-years) [36] and in the US and the UK 2006-08 (22 and 3.5 per 100,000 person-years) [52] . Even though ESBL-E has been a rapidly increasing challenge the last 15 years [53, 54] , populationbased incidence rates for ESBL-E are, so far, not commonly reported. Two Canadian studies found substantially higher and more increasing rates of community onset infections with ESBL-producing microbes (5.5 per 100,000 personyears in 2000-2002 [55], 10.6 per 100,000 person-years some years later [53] ) than in the present study.
Conclusions
Overall, both the incidence and the mortality rates of BSI increased significantly by age, particularly in males. As the proportion of older people increases, geriatric BSIs will be an escalating challenge. The rate of BSI episodes increased through the study period, but the mortality rate was mainly unchanged, and the case fatality rate decreased. A more than twofold increase in the rate of BSI sampling may have contributed to the detection of milder and ultimately less fatal episodes and a shift towards higher proportions of female sex, Gram-negative etiology, and urinary tract site, but earlier detection and improved treatment may have had impact. In pneumococcal BSI, the incidence as well as the mortality decreased in males but not in females. Pneumococcal vaccine probably has contributed, and the difference between sexes is possibly due to sex-specific changes in smoking habits. We observed very low yet slightly increasing rates of microbes with acquired resistance.
Additional file
Additional file 1: Table S1 . Incidence of bloodstream infection in 5-year age groups stratified by sex. 
